We ¤ present a theoretical study of the index of refraction of the light noble gases He and Ne for the propagation ¥ of sodium matter waves. Our approach is based on the well known multiple scattering theory inside a medium, which leads to an approximation for the index of refraction that depends only on the single forward ¦ scattering amplitude and the density distribution functions for the atoms of the medium. The forward scattering § amplitude between a sodium atom and a noble gas atom is calculated from molecular potential curves using the eikonal approximation. An explicit phase space average is performed over the noble gas atom distribution 
INTRODUCTION

Over
were then allowed to propagate along physically separate paths before being coherently recombined for the interference 4 measurement. Since the separation of the two paths of U the atom was large enough to neglect the overlap of the wave V packets, it was possible for the arm of one path to be filled with a target gas. Thus, the final interference fringes allow W a measurement of the additional phase shift to the sodium X matter wave introduced by the noble gas medium. For technical F reasons, the experiment was most sensitive to the ratio of the real to the imaginary part of the forward scattering The propagation is, therefore, statistical and we can use the F optical potential to treat the noble gas as an effective medium e with a complex index of refraction n
inside the medium can then be written in the form to all microscopic parameters of the medium. It is convenient s to average with respect to the momentum distribution 
We have assumed that the medium of noble gas to 
III. POTENTIAL SCATTERING
The forward scattering amplitude is to be calculated from molecular e potential curves between the sodium and the noble gas atoms. We have compared our potential scattering calculations using standard quantum partial wave theory with those F using the semiclassical impact parameter treatment and found 4 agreement to within a few percent. Therefore, we will present 8 only the semiclassical theory since it is better suited for our purpose of interpreting the physical contributions to the 
where
The · long-range contribution to the scattering amplitude is founḑ to be
The second contribution to the scattering amplitude comes from the forward glory scattering and is given by 
is the impact parameter when the phase shift has a maximum,
The phase shift 
»
it would appear that it should be dominated by the long-range ) contribution. In the present study, however, the condition
for the stationary phase approximation to be valid breaks down.
Ü Therefore, we must use Eq. 12 For NaNe, we used the data from C. R. Mason, Ph.D. thesis, University of London, 1991; for NaHe, we used the data from P. J. Leo and G. Peach 
